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S1SOM
In this report, the work carried out to investigate the noise
reduction characteristics of general aviation type flat and curved,
stiffened panels at the University of Kansas Flight Research Laboratory
noise research facility are presented. The effects of depressurization,
damping material, and noise source are described.
The esperimental study was carried out on 20 x 20 inch panels
in a frequency range of interest from 20 Rz to 5000 8z. The noise
sources used were a swept nine wave generator and a random noise
generator.
The results indicate that under the conditions tested, the
effect of noise source was negligible. Increasing the pressure
differential across the panel gives better noise reduction below
the fundamental resonance frequency due to an increase in stiffness.
The largest increase occurs in the first 1 psi pressure differential.
The curved, stiffened panel tE.Ahibited similar behavior, but with a
lower increase of low frequency noise reduction. Depressurization
on curved, stiffened panels results in a decrease of the noise
reduction at higher frequencies, confirming theoretical work done
by Koval. The effect of damping tapes on the overall noise reduction
values of the test specimens was small away from the resonance
frequency. In the mass-law region a slight and proportional improve-
ment in noise reduction is obs3rved by the addition of damping
material. Adding sound absorbtion material to a panel with damping
material increases beneficially nois. reduction at high frequencies.
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CHAPTER 1
l
• IrTRODUCTIOM
This report is a continuation of the documentation of the research
	
' (	 accomplished under the continuing NASA cooperative agreement NCCI-6.
The progress of the research accomplished during the period February 1,
t-	 I
	
1981, through April 30, 1981, of the previous project year (May 1, 1980,
	
t_
	 through April 30, 1981) was included in the previous report, KU-FRL-417-
16 (Reference 1).
The present report covers the period from May 1, 1981, through
September 31, 1981, of the current project year (May 1, 1981, through
April 30, 1982). During this period in time, all of the tests con-
cerning the flat and curved panels were completed. Both panels were
provided by the Gates Learjet Corporation. These tests were performed
in the Flight Research Laboratory of the University of Kansas (KU-FRL)
in Raymond Nichols Hall on the west campus of the University of Kansas.
The KU-FRL acoustic test facility consists of three main sub-
systems. These tree can be generally divided into the testing
apparatus (Beranek: tube), the signal generation and analyzer equipment,
	
j	 and the depressurization system. Figure 1.1 shows the entire integrated
test set-up. The test set-up is the most current syscen that has been
is	 used at the KU-FRL acoustic test facility. To better understand the	
v
test set-up, the subsystems have been more fully illustrated in
Figures 1.2 through 1.5. Figures 1.2 and 1.3 illustrate the differences
in the test apparatus for the flat and curved, stiffened panels.
The data acquisition system and noise generation units are illustrated
in Figure 1.4. Finally, the diagram of the depressurization subsystem
is presented in Figure 1.5.
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The following chapters (Chapters 2-7) discuss the different
aspects of the testing and also present in an ordered fashion the
IL	 results for each group of tests performed. Chapter 2 presents the
P"	 details of the modifications that were made to the test facility
1:	
for testing and also describes the panels tested. Chapter 3 gives
the noise reduction characteristics of the bare panels. Chapter 4
discusses the noise reduction characteristics of the curved and
flat panels with Y-370 damping tape applied. Chapter 5 presents
the noise reduction characteristics of the panels with Y-434
damping tape applied. The effect of applying Y-436 damping tape
to the panels is given in Chapter 6. The noise reduction character-
istics of applying both Y-370 damping tape and two types of
insulation is presented in Chapter 7. Chapter 8 concludes this
report with conclusions and recommendations.
ks
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CHAPTER 2	 !^
DETAILS OF THE MODIFICATIONS AND THE TEST PANELS
The present series of tests with flat and curved panels with
pressure differential across the test specimen demanded modifications
to the KU-FRL acoustic test facility. These are detailed in Section
2.1 of this chapter. The details of the test specimens, damping
tapes, and the insulation material are presented in Section 2.2.
Table 1 summarizes the variables in the conducted tests.
2.1 MODIFICATIONS TO THE ACOUSTIC TEST FACILITY
2.1.1 Depressurization System
As previously mentioned, testing was done with pressure
differentials across the test panel. A depressurization system
was already used in the KU-FRL acoustic test facility (Reference 2)
for previous testing and was reactivated for usage in this testing
phase of the research project. The schematic diagram of the system
has already been shown in Figure 1.5. The system was calibrated
prior to the tests to determine the line losses for proper
calibration of the tests. The system was reliable and posed
little problem during the tests. Pressure differentials up to
3 psi were used.
2.1.2 Extension Tube for Curved Panel
To test the curved stiffened panel, there were some modifications
that had to be made to the test facility, specifically to the Beranek 	 4
tube. Unlike the flat panel which can be directly clamped to the
8
xTable 1. List of variables in the conducted to
Panels:
a) Flat Stiffened Aluminum, thickne
b) Curved Stiffened Aluminum, thick
Noise Source:
a) Sine Wave Sweep Oscillator
b) Random Noise Generator
Depressurisation
a) 0 psi
b) 1 psi
c) 2 psi
d) 3 psi
Damping Material: 
a) Y-370
b) Y-434
c) Y-436
d) Y-370 + Light Insulation ( Fiberglass, p n 0.817 lb/ft3 )
e) Y-370 + Heavy Insulation ( Fiberglass, p w 7.345 lb/ft3 )
Percentage of Coverage:
a) 0 % (Bare Panel)
b) 30 %
c) 60 %
0100 % (18" x 18" area)
^i
* Some of the test are conducted at 2.5 psi instead of 3 psi.
'	 ^j	 9
test section, the curved panel required an additional curved support
on both sides of the panel so that a simply supported edge condition
could be simulated. Figure 1.3 shows the extansion tube in place
on the Beranek tube with the curved panel in place. This extension
was constructed from 3/4 inch particle board and had the same
outside dimensions as the standard Beranek tube. The extension
tube shifted the centerline of the test specimen back by 3 inches
from the noise source, compared to the standard 1 inch for the
flat panel. No corrections have been made for the cavity effects
of this extension. However, the distance between the microphones
was maintained constant (S inches).
2.2 DESCRIPTION OF THE TEST PANELS AND THE DARING TAPES
2.2.1 Flat Panel
The flat panel, made from standard aluminum sheet, was
stiffened in one direction by "L" stringers. The sheet was
.04 inch thick and 20 inches by 20 inches in outside dimensions.
The extruded stiffeners were riveted to the skin. Fig gxre 2.1 gives
the geometrical and the mass properties of the stringers.
2.2.2 Curved Panel
The aluminum curved panel was stiffened in two directions.
The sheet thickness was .04 inch. The panel was curved in one
direction and stiffened in both directions, thus approximating a
typical general aviation type sidewall. The radius of curvature
of the panel was 33 1/2 inches. The stiffeners and the frames
riveted to the skin. The geometric and the mass properties ar,
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Fifgiven in Figure2.2. The outside panel dimensions are 20 inches
 by 20 inches.
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2.2.3 Damping Tapes
Three damping tapes were used in the investigations. They were
Y-370, Y-434, and Y-436, manufactured by the 3M Company. They provided
constr.^ned layer damping. The Y-434 has a 7 mil constraining layer,
and the Y-436 has a 17 mil constraining layer. They were self adhesive,
and as a result application to the test specimen was ea6y. The tapes
were applied in amounts of 302, 602, and 1002 of the panel test area
(18 inch x 18 inch). During tests with partial coverage, the appli-
cation was limited to the central part of the test panel. The
stringers and the frames Were not treated with the damping tape.
i^
	 It should be noted that the damping properties, in particular the
'	 loss factor, of these materials will degrade when I t is exposed
to low temperatures, as it will be during guise flight. Because it
is not possible to :onduct the tests at other temperatures than. at
room temperature in the KU-FRL facility, the results of these tests
should be judged in this context.
2.2.4 Insulation Material
To study the effects of rorous fiberglass materials, two
densities (0.817 lb/ft 3 and 7.345 lb/ft 3 ) of fiberglass were used.
These were manufactured by the Forty-Eight Insulation Corporation.
These materials were loosely placed over the test panels with the
Y-370 damping tape.
13
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CHAPTER 3
NOISE REDUCTION CHARACTERISTICS OF
BARB FLAT AND CURVED PANELS
In this chapter, the noise reduction cha*acteriatics of stiffened
flat and curved panels without any trastment are discussed. Section
3.1 covers the flat panel; in Section 3 .2 the curved panel noise
reduction characteristics are discussed.
3.1 FLAT PANEL RESULTS
Tests have been carried out in the Beranek tube with two
different noise sources: a sweep oscillator and a random noise
generator. The effects of depressurization have also been investi-
gated.
3.1.1 Effects of Noise Source
Tests with a sweep ocsillator were carried out in two steps to
improve the resolution at lower frequencies. In the first sweep,
a frequency range of 20 Hz to 500 Hz was covered with an effective
bandwidth of 3 Hz. The second sweep covered a frogusncy range of
500 Hz to 5000 Hz with an effective bandwidth of 15 Hz. In both
cases the linear sweep time was 100 seconds. Tests with the random
noise generator were carried out in two steps to improve the
resolution in the low frequency region.
The results of the tests are given in Appendix A (Figure A.1
and Figure A.5) for both cases. With these selections the results
obtained matched within the experimental scatter in the low frequency
14
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High Frequencies
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region. The mean root square values of the results in the high 	 EI
frequency region were also nearly the same. These results are
r
consistent with results obtained earlier with unstiffened panels
(Reference 3). It should be noted that even with a random noise
generator, the source microphone signal was not "flat" due to the
cavity effects on the source side. From Figures A.1 through A.8,
it can be concluded that no significant differences in the results
exist between these two noise excitations, even when there is a
pressure differential across the source and the receiver microphones.
3.1.2 Effect of Depressurization
Earlier studies have indicated that depressurization increases
the low frequency noise reduction due to the stiffening effect
(Reference 3). The purpose of these tests was to check the effect
on already stiffened panels. In all cases the pressure on the source
side was reduced to simulate actual aircraft conditions. Depressur-
izations up to 3 psi pressure differentials were investigated.
Narrow band results and one-third octave band results for both types
of excitation are given in Appendix A (Figures A.1 through A.8).
The cross plot of the results as a function of the pressure differentials
is given for two frequencies, 100 Hz and 3000 Hz, in Figure 3.1.
The effects observed were similar to the results in Reference 3.
However, the increase in low frequency noise reduction was not high.
Since the panel is already stiffened, the increase in stiffness is
not proportionally high. This can be seen in the increase in resonance
frequency. In this case it increased from 112 Hz to 230 Hz. The
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^i
change in resonance frequency due to pressure differential is shown
in Figure 3.2. The major part of the increase occurs in the first
1 psi pressure differential. The noise reduction values at low
frequencies increased from 17 dB to 28 dB for the first 1 psi pressure
differential and from 28 dB to 32 dB when the pressure differential
was increased from 1 psi to 3 psi. The high frequency noise reduction
showed a slight decrease, 1-3 dB, due to the pressure differential.
This result is at variance with the earlier results for the unstiffened
panel, when it was reported that it remained the same (Reference 3).
However, the present results tend to confirm the published results
by Koval (Reference 4).
3.2 CURVED PANEL RESULTS
Test results for unstiffened, curved panels have already been
published in Reference S. The results indicated that low frequency
noise reduction of an unstiffened, curved panel increases with
increasing curvature up to a certain value and then decreases.
Curving a panel stiffens the panel, but the angle of incidence
of the panel is nc longer normal. The combination of these two
effects determines the final low frequency noise reduction. During
the present series, the noise reduction characteristics of one
curved, stiffened panel was investigated.
3.2.1 Effect of Noise Source
The results of noise reduction tests with the stiffened,
curved panel without any pressure differential for both the noise
excitations are given in Appendix B (Figure B.1 and Figure B.4).
18
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iOnce again, the same conclusions as in Section 3.1 are reached.
	 ti
This is true even when there is a pressure differential.
3.2.2 Effect of Depressurization
Narrow band and one-third octave band results for these tests
are given in Appendix B (Figures B.1 through B.7). A cross plot
of these results as a function of pressure differential is given
in Figure 3.3. Since the panel is already stiff, the increase in
stiffness due to depressurization is small. The resonance frequency 	
i
of the panel at zero pressure differential is 220 Hz and increases
to 290 Hz at 2.5 pressure differential (see Figure 3.2). Low
frequency noise reduction increased from 31 dB to 37 dB due to
3 psi pressure differential (Figure 3.3). Once again, the major
part (5 dB) of the increase occurs in the first 1 psi pressure
differential. In the mass law region the pressure differential
across the test specimen decreases the mean consistent with Koval's
results (Reference 4).
20
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CHAPTER 4
NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
	
1#	 CURVED PANELS WITH Y-370 DAMPING MATERIAL
^.1
	=	 In this chapter, noise reduction tests performed to assessr
effect$ of Y-370 material on flat and curved panels are describe
and the results obtained are discussed. Investigation of flat,
stiffened aluminum panel with and without 100% treatment of Y-370
material has been discussed in an earlier report (Reference 1).
In the same report a simple single degree of freedom analytical
model was developed which predicted the low frequency noise reduction
reasonably well. The affect of the damping material was found to
decrease the fundamental resonance frequency and also the noise
reduction values in the stiffness -controlled region. However,
at the resonance frequency itself, the noise reduction was increased.
Also, in the high frequency region the resonance peaks and dips
were smoothed out.
4.1 TESTS PERFORMED ON PANELS COVERED WITH Y-370
During the present phase of the investigation, tests have been
performed to assess the effects of percent coverage, pressure
differential, and noise source. Three percent coverages were tested
(302, 60%. and 100X). These percentages correspond to the exposed
area of the test panel, as indicated in Chapter 2. Three pressure
differentials were investigated (1, 2, 3 psi) under two types of
noise sources, swept noise and random noise. In addition to the flat
panel, a curved panel with stiffeners in both directions was used.
The results, both narrow band and one-third octave plots, obtained
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for the flat panel are given in Appendix A (Figures A.9 throuhl
Similar results for the curved panel are given in Appendix B (1
B.9 through B.32).
4.2 FLAT PANEL RESULTS
The stiffened flat panel, as described in Chapter 2, was i
with 30%, 60%, and 100% coverage of damping materials. The rei
obtained with each of the percent coverages are discussed next
4.2.1 30% Panel Coverage
I
Results of eight tests carried out for this assessment are shown
in Appendix A (Figures A.9 through A.16). The difference in the noise
reduction values due to the two noise sources were negligible. The
results matched within the experimental scatter. Similar conclusions
were reached for the untreated panels.
The effect of depressurization for this configuration is shown
as a crossplot in Figure 4.1. This figure shows that in the low
frequency domain, the noise reduction characteristics of the panel
are basically the same as the bare, flat panel for all pressure
differentials except at 0 psi. Here, the panel treated with 30%
damping tape has a noise reduction value of 21 dB as compared to
17 dB of the bare panel. An increased noise reduction is only seen
from a 0 psi pressure differential to a 1 psi pressure differential.
From 1 psi onward, there is no appreciable noise reduction gained
from an increased pressure differential. High frequency noise
reduction characteristics of the panel covered with 30% Y-370 gain
23
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fII?	 2 dB over the bare panel, but the effect of pressurization is
l
negligible over the entire pressure differential range tested.
Figure 4.2 shows the effect of the increased pressure differential
on the resonance frequency of the panel. The panel at 0 psi pressure
differential has a resonance frequency of 120 Hz. This frequency
increases to a value of 215 Hz at 3 psi for an increase of 95 Hz.
1	 However, most of this increased noise reduction occurs in the first
half of the curve from 0 psi to about 1.5 psi.
4.2.2 60% Panel Coverage
Results of eight tests carried out under this configuration
(two noise sources and four pressure differentials) are given in
Appendix A (Figures A.17 through A.24).
Once again, tests indicated no difference in results between
the noise sources. The general trend of the results obtained with
depressurization was also similar to previous tests (Figure 4.3).
Noise reduction valves increased from 19 dB at 0 psi to 23 dB at
1 psi at a low frequency. From 1 psi to 3 psi, the noise reduction
values flatten out at around 30 dB. High frequency noise reduction
values remain at a constant 40 dB noise reduction throughout the
entire depressurization range.
The change in resonance frequency as a function of the pressure
differential is plotted in Figure 4.4. The panel subjected to no
pressure differential exhibits a resonance frequency of 120 Hz.
The first 1 psi pressure differential gives the groatest increase
in resonant frequency to a value of 180 Hz at 1 psi. The curve
flattens out after this to a final value of 192 Hz at 3 psi.
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4.2.3 1003 Panei,Coverage
Results of the tests with this configuration are shown in
Appendix A (Figures A925 through A.32). The conclusions reached
with these results are also similar to the test results obtained
with 30Z and 60Z coverage. Specifically, 7.5 d8 gain is achieved
for the first 1 psi pressure differential (Figure 4.5) at low
frequency (100 Rz). In the high frequency region (3000 KZ), the
noise reduction levels do not change appreciably with a changing
pressure differential. In the high frequency region, the noise
reduction stays at a level of approximately 41 d3.
For this configuration the change in resonance frequency as
a function of the pressure differential is given in a cross plot
in Figure 4.6. The results obtained are similar to other percaut
coverages tested. This figure shows that the resonance frequency
of the panel is 140 Rz with no pressure differential and increases
to 190 Rz at a pressure differential of 3 psi.
4.2.4 Effect of Percentage of Coverage
The effect of percentage of coverage on the noise redr.c ion
characteristics of the panel is given in Figures 4.7 and 4.8.
Figure 4.7 gives the results of the low frequency region. This
figure shows that the effect of coverage on the noise reduction
abilities of the flat panel covered with Y-370 damping tape is
fairly negligible. What this figure does show, however, is that
the greatest effect of the damping tape occurs in the first 1 psi
pressure differential, as previously stated. The noise reduction
28
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level for a 0 psi pressure differential is about 20 dB and goes to
a constant level of about 30 dB at a 3 psi pressure differential,
I'	 regardless of the change in coverage.
L
The effect of coverage in the high frequency region (3000 Hz)
is given in a cross plot in Figure 4.8. This figures shows that
there is very little change in noise reduction as a function of
pressure differential as verified in the previous	 ,	 p	 paragraphs and
figures. The effect of coverage is very slight, with a general
'	 upward trend from 38 dB to 41 dB due to increased mass of the panel
from the damping tape.
4.3 CURVED PANEL RESULTS
Similar tests as _hose described in Section 4.2 for the flat
panel were carried out, essentially to make a one-to-one comparison
between a curved and a flat panel. The purpose of the percentage
of coverage is to determine the effectiveness of the damping tape
under actual flight conditions. However, due to the limitation of
the test facility, the effect of temperature on the damping tape
could not be investigated. A curved panel stiffened in both
directions with partial coverage of damping material is a good
simulation of actual aircraft structures. Hence, individual noise
reduction curves with these specimens are representative of actual
noise reduction values obtainable in an aircraft, within the constraints
of receiving space impedance of the Beranek tube.
33
4.3.1 302 Pauel Coverage
Results given in Appendix B (Figures B.9 through B.16) for
two noise sources (swept sine wave and random noise) and four
pressure differentials (0, 1, 2, and 3 psi) indicate essentially
the same results as obtained for the untreated panel for the two
noise sources. The results of depressurization tests are shown
in 'Figure 4.9. In the low frequency region (100 Hz), the noise
reduction obtained with no pressure across the panel is 31 Hz.
This value rises to 37 Hz at 3 psi pressure differential along
a gradual slope. It has been shown with the untreated panel that
the effect of depressurization in the high frequency region is
to lessen the noise reduction characteristics of the curved panel.
Similar results are also obtained with 30% coverage. Noise
reduction values in the high frequency region vary from 37 dB
at 0 psi to 34 dB at 3 psi pressure differential.
The pressure differential also affects the frequency of panel
resonance. Figure 4.2 shows that the higher the pressure differential,
the higher the resonance frequency of the panel. Unlike the flat
panel which tended to level out at higher pressure differentials, 	 !^
the curved panel shows no tendency to flatten out at these higher
pressure differentials. The panel exhibits an increasing behavior
of the resonance frequency from 220 Hz with no pressure across the
panel to 280 Hz at 3 psi pressure differential. Therefore, the effect
of increasing pressure differentials on a curved, stiffened panel
1
is to push the resonant frequency up to higher frequencies but not
to affect significantly the value of the noise reduction itself at
t
the low and high frequency values investigated.
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fi
rr,	 4.3.2 60% Panel CoverageI:
Results of tests with 60% coverage with pressure differentials
L'	 and two different noise sources are shown in Appendix B (Figures B.17
through B.24). The conclusions about the noise source are the same.
The cross plot for pressure differential indicates a nearly similar
trend as in previous cases (Figure 4.10). The low frequency curve
has noise reduction values of 30 dB at 0 psi to 37.5 dB at a high
{	 pressure differential of 3 psi. Once again, most of the increase
occurs in the first half of the curve with a general flattening
out around 2 psi. The high frequency curve (3000 Hz) has noise
reduction values that decrease with increasing pressure differential.
The noise reduction at 0 psi is 38 dB and drops to 35 dB at 3 psi.
This drop is relatively gradual with a flattening out around the
2 psi value.
The change in resonance frequency due to a changing pressure
differential is plotted in Figure 4.4. This figure shows the
resonance frequency to be rapidly increasing between 0 psi and 1 psi
from 205 Hz to a value of 250 Hz. After the 1 psi pressure differ-
ential, the curve does not have such a large slope and increases
to a value of only 270 Hz at 3 psi pressure differential.
4.3.3 100% Panel Coverage
Appendix B (Figures B.25 through B.32) gives the results
for 100% panel coverage for the eight tests carried out. Once again,
the noise source was not a significant parameter. Results of depre-
surization tests are shown in Figure 4.11 for 100 Hz and 3000 Hz.
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This figure shows that the low frequency noise reduction values
increase from 30 dB at 0 psi to 37 dB at 3 psi pressure differential.
( r 	 Loa frequency noise reduction values increase steadily from 0 psi to1.
2 psi, then level off to 37 dB. The decrease in mass law region
in this case is negligible (from 38.5 dB at 0 psi to 38 dB at 3 psi).
4.3.4 Effect of Percentage of Coverage
F : I'
Cross plots were made to show the effect of percentage of
coverage of Y-370 applied to the panel at different pressure levels.
Figures 4.12 and 4.13 depict the results in a series of eight graphs.
{
	
	 Figure 4.12 shows the low frequency noise reduction values with a
varying coverage. The results are much the same as those obtained
r.
with the flat panel curves (Figure 4.7). Here, as in the case with
the flat panel, the effect of coverage was virtually nil. This figure
verifies the results obtained from the other cross plots concerning
the rise in noise reduction values from 0 psi to 1 psi with a
flattening out after this value. Again, the effect of increasing
r
{
	
	 the amount of damping material on a curved panel is to lower the
resonance frequency but not to increase the noise reduction values
significantly.
From Figures 4.7, 4.8 9 4.12, and 4.13, it is concluded that
the presence of damping tape has negligible effect on the overall
noise reduction characteristics away from the resonance frequencies.
When the mass of the damping tape constitutes a large percentage of
the total panel and tape mass, the effect is essentially to increase
the least squares lines noise reduction in the high frequency domain.
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Due to the scatter of the experimental results, no general trend of
noise reduction values at the fundamental resonance frequency could
be observed as a function of damping tape coverage. But for the
resonance frequency itself, a gradual decrease in frequency is
observed for an increasing area of damping tape coverage. This
type of damping tape adds very little additional stiffness to the
base panel. Nance, as the was alone increae s, the fundamental
resonance frequency decreases.
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CHAPTER 5
NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
r:	 CURVED PANELS WITH Y-434 DAMPING MATERIAL
c In this chapter, noise reduction tests performed to assess the
effects of Y-434 damping tape on flat and curved panels are described,
and the results obtained are discussed. Y-434 and Y-436 materials
i
are damping tapes which provide increased damping action due to the
constrained aluminum outer layer. Y-434 has a 7 mil constraining
layer. Thy
 purpose of these tests is to compare the noise reduction
values of panels with this damping material with those of Y-370.
5.1 TESTS PERFORMED ON PANELS COVERED WITH Y-434
The parameters investigated were the same as for damping tape
Y-370: four pressure differentials were examined (0, 1, 2, and 3 psi);
two types of noise sources, white noise and discrete noise; and three
different coverages (30X, 60%, and 100%) of the Y-434 damping tape.
The results of these tests, both narrow-band and one-third octave
plots, for the flat panel are given in Appendix A (Figures A.33
through A.56). The results for the curved panel, both narrow-band
and one-third octave, are given in Appendix B (Figures B.33 through
B.56).
5.2 FLAT PANEL RESULTS
5.2.1 30% Panel Coverage
l
f
Results of these tests are given in Appendix A (Figures A.33
through A.40. The effect of noise source :s negligible for these tests.
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r	
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(	 A cross plot of the noise reduction versus the pressure
I
differential for this panel is given in Figure 5.1. This figure
shows that low frequency reduction increases with increasing pressure
differentials across the panel from 22 dB at 0 psi to 31.5 dB at
f
3 psi pressure differential. Most of this increase is seen in the
1	 first 1 psi of the curve, where the noise reduction value is 28.5 dBE	 j
t
at 1 psi. The curve tends to flatten out after this value. In the
high frequency region the noise reduction values are relatively
constant around 38 dB. There is a slight drop in the noise reduction
with increasing pressure differential, but the trend is slight.
Therefore, it is concluded that the effect of increasing the pressure
differential with this treatment is to increase the low frequency
c
noise reduction value about 10 dB but not to affect the high frequency
noise reduction characteristics to any significant effect.
Increasing the pressure differential also affects the position
of the resonance frequency. Figure 5.2 shows the results of increasing
the pressure differential across the panel. The value of the resonance
t
frequency is 125 Hz with no pressure differential, and it increases
i
to 220 Hz when the pressure differential is 3 psi. This increase
is gradual, not as sudden as was seen with the panels with Y-370
damping tape. Even though the resonance frequency does not show
f the trend of flattening out at the higher pressure differentials
associated with the Y-370 damping tape, it is considered that it
could be due to experimental scatter, rather than any significant
trend.
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5.2.2 60% Panel Coverage
Results of these tests are given in Appendix A (Figures
through A .48). Comparison of the graphs indicate that there
little difference in the two noise sources as there is in pr
cases. A cross plot of the noise reduction versus the pressure
differential is given in Figure 5.3. This figure shows that initial
noise reduction of the panel without any pressure differential is
22 dB and that it rises to 31.5 dB at a pressure differential
i	 at 3 psi. After the 1 psi value, the curve tends to level off
1
around 32 dB. The high frequency noise reduction characteristics
l
of the panel did not change in the pressure ranges tested. The
noise reduction value is approximately 40 dB at 0 psi, where it
i
stayes throughout the test region within the range of scatter.
j	 So it is seen that the effect of a pressure differential is to
increase the low frequency noise reduction characteristics of the
panel but not to affect the high frequency noise reduction values.
The fundamental resonance frequency of the panel is changed
by an increasing pressure differential, as witnessed in Figure 5.4.
This figure shows the resonance frequency being 120 Hz at 0 psi
differential and increasing rapidly to a value of 210 Hz at 2 psi
i
pressure differential, where it flattens out to a final value of
212 Hz at 3 psi.
5.2.3 100% Panel Coverage
Results of these tests are given in Appendix A (Figures A.49
through A . 56). Once again, it is concluded that there is little
t	 ^
i
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difference between the two noise sources. For this panel, the
initial value of noise reduction at 100 Hz is 21.5 dB at 0 psi,
which rises to 31 . 5 dB at 3 psi pressure differential (see Figure 5.5).
.	 Once again, most of the gain in noise reduction for this panel occurs
in the first 1 psi. After the 1 psi differential, the curve levels
1	 out to the final value of 31 . 5 dA. Noise reduction at 3000 Hz
starts at approximately 39 dB and stays constant at this level
throughout the entire pressure differential region. The pressure
differential has little effect on the high frequency noise reduction
i
characteristics of this treated panel.
The resonance frequency of the panel is increased as a result
of the increased pressure differential, and this is shown in Figure
5.6. The initial resonance frequency of 130 Hz is rapidly increased
by the pressure differential up to the 1 psi level of 196 Hz. The
final resonance frequency of 215 Hz is realized at a pressure dif-
ferential of 3 psi., showing the earlier trend to level off. The
effect of pressurization is still to increase the stiffness. The
maximum increase occurs in the initial 1 psi. Additional increase
in stiffness does not increase the resonance frequency.
5.2.4 Effect of Percentage of Coverage
Results from Figures 5.1, 5.3, and 5.5 were cross plotted to
investigate the effect of percentage of coverage. Figure 5.7 and
Figure 5.8 show the effect of coverage on the noise reduction charac-
teristics of a flat, stiffened panel for the low and high frequencies
that have been singled out in this report (100 Hz and 3000 Hz).
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i	
Figure 5.7 shows that the low frequency noise reduction characteristics
)f the panel are not significantly changed as a result of adding Y-434
damping material to it. With a possible exception at 0 psi pressure
differential, the noise reduction values remain constant throughout
the coverage range tested.
Figure 5.8 shows the effect of percentage of coverage on high
frequency noise reduction characteristics at different pressure
differentials. These graphs show that the effect of adding Y-434
damping tape to the panel is to increase the noise reduction ability
by approximately 1-2 dB. These figures show quite graphically
i	 the relative importance of the higher mass in the high frequency
t
region.
5.3 CURVED PANEL RESULTS
i
	
	
Tests similar to those for the flat panel were carried out for
the curved, stiffened panel.
5.3.1 30% Panel Coverage
Results of these tests are given in Appendix B in Figures B.33
through B.40. A cross plot of the noise reduction characteristics
versus the pressure differential is given in Figure 5.9. This figure
shows the familiar trend of the curves exhibited in the figures
presented for the Y-370 damping tape in Chapter 4. The low frequency
noise reduction value for no pressure differential is originally
31.5 dB. This noise reduction value rises slowly with increasing
pressure differrAtial up to a final value of 37.3 dB at 3 psi pressure
55
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differential. As with the flat panels, there is no big jump in noise
reduction in the first 1 psi for this treatment of the curved panel.
High frequency noise reduction characteristics of the curved panel
treated with 30: Y-434 are also shown in Figure 5.9. The graph shows
that the noise reduction level of this panel starts at 36.5 dB and
then drops to a final value of 33.5 dB at 3 psi pressure differential
at 3000 Hz. This tendency to drop off is consistent with those
discussed in Chapter 4 for the curved panel.
The change in resonance frequency due Lo a changing pressure
differential is shown graphically in Figure 5.2. The resonant fre-
quency is 225 Hz at 0 psi pressure differential and increases rapidly
in the first 1 psi pressure differential to 260 Hz. After this value,
the resonant frequency increases more slowly to a final value of 285
Hz at 3 psi. The increase in resonance frequency as a result of
increra-ing pressure differential does not level off like the flat
panel resonant L e:juencies; thus, the effect of increasing pressure
differential is to increase the resonance frequency.
5.3.2 602 Panel Coverage
Results of these tests are given in Appendix B (Figures B.41
through B.48). By comparison of similar graphs, it can be seen that
there is little difference between the sweep oscillator and the white
noise source. A cross plot of the effect of increasing pressure
differential on noise reduction characteristics is given in Figure
5.10. This figure shows a modest rise in noise reduction values for
the low frequency range. Noise reduction in the low frequency region
is initially 30 dB. The affect of pressure differential is seen to
f
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(	 push the noise reduction up to a value of 36.5 dB at 3 psi pressure
l'
differential, a gain of 6.5 dB. The most marked increase in noise
reduction is seen in the first 1 psi of this graph. In the high
frequency region (Figure 5.11) the decrease in noise reduction
corresponded with similar observations at other percentages of
Y-434 or Y-370 for curved panels. A decrease of approximately 5 dB
occurs within 3 psi pressure differential.
iThere is an increase in the resonant frequency, as shown in
Figure 5.4, as a result of increasing the pressure differential
across the panel. From an initial value at 220 Hz, the curve quickly
rises to a value of 290 Hz at a 3 psi pressure differential.
5.3.3 100% Panel Coverage
Results of the tests are given in Appendix B in Figures B.49
`	 through B.56. A cross plot of the values obtained for the frequencies
representative of each region is found in Figure 5.11. This plot
shows a similar behavior for the two curves as it was seen in the
previous plots. The low frequency noise reduction shows a modest
rise from a 31 dB at 0 p3i to a 37 dB noise reduction at 3 psi
pressure differential. Although most of the noise reduction gained
is obtained in the first 1 psi, the gain is not so marked as the
previous ones. The high frequency noise reduction suffers a little
as a result of increasing the pressure differential; however, the
decrease is only about 2 dB.
The resonance frequency of this treated panel also increases
as a result of increasing the pressure differential across the panel,
as seen in Figure 5.6. The resonance frequency is originally 220 Hz
59
ORIGINAL PAGE 19
OF POOR QUALITY
40
9
M
H
x 30
200
50
y
y
0-100 HZ
0-3000 Rz
curved stiffened aluminum panel
thickness a
 .040"
100 %	 Y-434
2	 3
PRESSURE DIFFERENTIAL % AP. psi
Figure 5.11: Effect of Pressure Differential on Noise Reduction
Characteristics of a Curved, Stiffened Panel with
100% Y-434 Damning Tape at Low and High Frequencies
60
iwith no pressure differential across the panel, and it steadily
l	 '
increases to a final value of 285 Hz at 3 psi. The largest gain
in noise reduction is again seen in the first 1 psi pressure differ-
ential, where the value of the resonant frequency is 250 Hz. The
effect of increasing pressure differential on this treated panel
is to push up the resonance frequency and to increase the low
frequency noise reduction characteristics while virtually ignoring
the high frequency noise reduction characteristics.
5.3.4 Effect of Percentage of Coverage
The effect of percentage of coverage of Y-434 damping tape
is seen in Figure 5.12 and Figure 5.13. Figure 5.12 gives the
results of the low frequency noise reduction noise reduction charac-
teristics at 100 Hz. This figure shows that the effect of percentage
of coverage does not affect the noise reduction capability of a
curved panel. The curves given in this figure are flat, indicating
the negligible effect of the coverage. The curves in Figure 5.13
for high frequencies exhibit about the same behavior as those seen
in the similar plots for a flat panel. Calling a trend for these
graphs would be difficult at best, although it seems that a slight
upward trend in noise reduction would be the right conclusion for
high frequencies. At 0 psi, a slight decrease in resonance frequency
1
occurs with an increase in coverage. This could be due to the fact
that the mass of the panel increases, without a corresponding increase
in stiffness. Comparison with results of a bare panel (Chapter 3)
i
	 indicates that the change in the fundamental resonance frequency is
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very small with application of damping tape. The additional
stiffening effect of the constraining layer is balanced out by
the additional mass added. Once again, the values of resonance
frequencies are ill-defined precluding any general conclusions.
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CHAPTER 6
^ J	NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
f	
CTIRVED PANELS WITH Y-436 DARING TAPE
1
6.1 TESTS PERFORMED ON PANELS COVERED WITH Y-436
During the present series of investigations for noise reduction
l	 characteristics, panels covered with the Y -436 were tested for the
effect of varying pressure differentials, percent of damping material
coverage, and noise source effects. Four pressure differentials
were examined (0, 1, 2, and 3 psi) under two types of noise sources,
i
white noise and swept sine wave noise, with three different coverages
(30X, 60%, and 100%) of the Y-436 damping tape. Two panels were
tested for their noise reduction characteristics: a flat, stiffened
panel and a curved, stiffened panel. Results of these tests, both
narrow-band and one-third octave plots, for the Y-436 damping tape
applied to the flat panel are given in Appendix A (Figures A.57
i	 through A . 80). Results for the curved panel are given in Appendix
B (Figures B.56 through B.80).
6.2 FLAT PANEL RESULTS
Tests were carried out to determine the effect of noise source
on the panels. These tests were done with the same procedure as
those outlined in the first paragraph of Section 3.1.1 of this report.
The effect of noise source is once again negligible.
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6.2.1 30% Panel Coverage
Results of the tests are given in Appendix A (Figures A.57
through A.64). A crossplot of the results for the effect of pressure
differential on noise reduction is given in Figure 6.1. This figure
shows that the affect of increasing the pressure differential is to
1	
increase the noise reduction ability of the panel in the low frequency
region. Noise reduction is increased from 20 dB at 0 psi pressure
differential to 31 dB at 3 psi. The slope of the curve is large in
the first 1 psi region, giving a large increase in noise reduction,
but then flattens out in the higher pressure differentials to a final
value of 31 dB. The high frequency noise reduction characteristics
as a result of pressure differential are unchanged. The high frequency
values are relatively unaffected by the depressurization and stay at
approximately 38.5 dB noise reduction.
The resonance frequency changes according to the graph in Figure
6.2. An increasing pressure differential pushes the resonance fre-
quency up from its initial value of 120 Hz to about 190 Hz in the
first 1 psi pressure differential. This value is further increased
to 213 Hz with a differential of 3 psi. So the effect of increasing
pressure differential is to increase the resonance frequency and to
increase the low frequency noise reduction characteristics, while
not affecting the high frequency characteristics.
6.2.2 60% Panel Coversge
Results of the tests for this coverage are presented in Appendix
A (Figures A.E through A.72). A cross plot of the effect of pressure
r-
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1
differential on the noise reduction characteristics of the panel is
given in Figure 6.3. This figure shows that by increasing the pressure
differentia- across the panel from 0 psi to 1 psi, the noise reduction
gained is 10.5 dB. At 0 psi pressure differential the noise reduction
is 17.5 dB, so the increase gives a value of 28 dB at 1 psi. This
value is increased to 31 dB at 3 psi. High frequency noise reduction
is again not changed by stiffening the panel. High frequency reduc-
tion is constant throughout at 40 dB.
Figure 6.4 shows the results of stiffening the panel on the value
of the resonance frequency. With this treatment, the flat panel has
an initial resonance frequency of 110 Hz. This value increases to
207 Hz at 3 psi, with a major increase occurring in the first 1 psi.
6.2.3 10G2 Panel Coverage
Results of these tests on the flat panel are given in Appendix
A in Figures A.73 through A.80. A cross plot of the effect of pressure
differential of the noise reduction characteristics of this panel is
given in Figure 6.5. The noise reduction value at 100 Hz increases
from 17.5 dB at 0 psi to 28 dB at 1 psi, an increase of 10.5 dB.
From 1 psi, the noise reduction increases to 30 dB at 3 psi pressure
differential. There is no effect on the noise reduction character-
istics in the high frequency domain. The noise reduction stays
constant at 42 dB.
The resonance frequency also increases as a result of depres-
surization of the panel, as shown in Figure 6.6. Here the resonance
frequency rises from 112 Hz to 210 Kz at a pressure differential of
71
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j,	 3 psi. The familiar large increase in resonance frequency is
t.
exhibited in the first 1 psi pressure differential. The value at
j	 this pressure differential is 180 Hz.
6.2.4 Effect of Percentage of Coverage
The effects of percentage of coverage on the noise reduction
characteristics of the flat panel are given in graphs in Figures 6.7
and 6.8. Low frequency characteristics given in Figure 6.7 show
that the effect of coverage is again negligible when considering
the noise reduction of the panel. High frequency noise reduction
characteristics shown in Figure 6.8 show a slight upward trend
as a function of increasing coverage. This trend occurs in all
of the pressure differential graphs, having a larger slope as the
pressure differential increases. The resonance frequency remains
nearly the same, indicating that the additional mass of the coverage
is balanced out by the additional stiffness provided by the con-
straining layer.
6.3 CURVED PANEL RESULTS
Results of these tests are given in Appendix B (Figures B.57
through B.64). It can be concluded that there is no difference in
results due to the white noise and the noise from the sweep oscillator.
6.3.1 30% Panel Coverage
A cross plot of the noise reduction characteristics versus
pressure differential is given in Figure 6.9. This plot shows that
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the effect of the increased pressure differential on low frequency 	
^i
noise reduction is to sharply increase the initial value of 30 dB
at 0 psi to 34.7 dB at 1 psi. After this point, noise reduction
increases steadily to 36 . 5 dB at 3 psi pressure differential. High
frequency noise reduction decreases as the pressure differential
goes up. The value drops from 37 dB to 35 dB for 3 psi. The effect
of the pressure differential on the resonance frequency is shown in
Figure 6.2. The tusonance frequency sharply rises from 220 Hz at 0
psi to 257 Hz at 1 psi pressure differential, a gain of 42 Hz. The
increase is not nearly as big at the higher pressure differentials
tested, where the final value is 273 Hz at 2.5 psi pressure differ-
ential. So the effect of increasing the pressure differential is to
increase both the resonance .frequency and low frequency noise reduction
while decreasing high frequency noise reduction.
6.3.2 60% Panel Coverage
Results of tests with 60Z panel coverage of Y-436 are given in
Appendix B (Figures B.65 through B.72). A cross plot of the noise
reduction characteristics of this treated panel as a function of
pressure differential is given in Figure 6.10. This figure shows
that with increasing pressure differential the noise reduction
ability increases from 30.5 dB to 37 . 5 dB at 3 psi pressure differ-
ential along the low frequency curve. Like the previous high fre-
quency noise reduction curve, the noise reduction characteristics
decrease as pressure differential increases. The value at 3000 Hz
drops from 38 dB at 0 psi to 34.5 at 3 psi.
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M.
The resonance frequency is shown as a function of pressure
i.
differential in Figure 6.4. This figure shows the familiar increase
in resonance frequency from 220 Hz at 0 psi to 270 Hz at 3 psi
i
	 pressure differential. The big gain is once again from 0 psi to
1 psi where the resnance frequency is 252 Hz.
6.3.3 100% Panel Coverage
Results of the tests for this coverage are presented in
Appendix B (Figures B.13 through B.80). A cross plot of the effect
of pressure differential on the noise reduction characteristics of
the panel is given in Figure 6.11. The trends of the results are
similar to those of the 30% and 60% coverage. The noise reduction
increases from 30.3 dB to 37 dB for 3 psi with a major stiffening
effect occurring between 0 and 1 psi in the lower frequency region.
The high frequency noise reduction values once again are reduded
as a result of depressurizing the panel. The high frequency values
fall from 39 dB at 0 psi to 37 dB at a 3 psi pressure differential.
Figure 6.6 shows that the resonance frequency is increased
from a value of 220 Hz at 0 psi to 253 Hz at 1 psi pressure differ-
ential, a gain of 33 Hz in the first 1 psi. The resonance fre-
quency further flattens out slowly to a final value of 270 Hz.
Again, stiffening the panel increases both the resonant frequency
and the low frequency noise reduction characteristics while de-
creasing the high frequency values.
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6.3.4 Effect of Percentage of Coverage
The effects of percentage of coverage on the noise reduction
characteristics of the flat panel are given as graphs in Figures
6.12 and 6.13. The low frequency graphs given in Figure 6.12 show
that the effect of coverage is again negligible on the noise
reduction characteristics for a curved panel. At high frequencies,
due to the increased mass, high frequency noise reduction increases
slightly. The effect of the constraining layer is to increase the
stiffness of the base panel. However, the increase in stiffness
is not high enough to overcome the effect of the increased mass.
Hence, the resonance frequency remains nearly the same. The values
of the noise reduction at the resonance frequency are consistently
lower than the values observed with Y-434 material.
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In this chapter, noise reduction tests performed to a
F
effects of Y-370 damping tape and two types of fiberglass insulation
on flat and curved panels are described and the results obtained
are discussed. The Y-370 damping tape alone was described in an
earlier chapter. The fiberglass used in the testing is described
as a light insulation (density - 0.817 lb/ft 3) and a heavy insulation
(density - 7.345 lb/ft 3).
7.1 TESTS PERFORM ON PANELS COVERED WITH Y-370 AND INSULATION
Typical aircraft acoustic insulation consists of damping tape,
acoustic (or thermal) insulation, and interior trim. Hence, the
noise reduction values of these panels in the presence of a fiber-
glass blanket were investigated. Panels covered with both Y-370
damping tape and fiberglass insulation were tested for the effect
of varying pressure differentials and noise source. Four pressure
differentials were examined (0, 1, 2, and 3 psi) under two types of
noise sources, white noise and discrete noise. Two panels were
tested for their noise reduction characteristics: a flat, stiffened
panel and a curved, stiffened panel. all of the tests were run on
these panels with 100% of the exposed area covered by both the Y-370
iping tape and the fiberglass insulation. Results are presented
the form of narrow-band and one-third octave plots in Appendix A
the flat, stiffened panel and in Appendix B for the curved,
Z	 85
stiffened panel. Test results for the light fiberglass insulation 	 9.
combination are shown in Figures A.81 through A.88, and those for
t'
the heavy insulation combination in Figures A.89 through A.96 for	 +
the flat panels. The data corresponding with both treatments for
the curved panel are presented in Figures B.81 through B.88 and
B.89 through B.96.
7.2 FLAT PANEL RESULTS
Results of these teste for this treatment are given in Appendix
B (Figures B.81 through B.96). By comparing the similar graphs
for the differing noise sources, it was determined that there is
little difference between the two. it can be therefore concluded
that under the test conditions there is no difference between the
two sources.
7.2.1 Y-370 and Light Insulation
The flat panel was tested for its noise reduction characteristics
with 100% of its exposed area covered by a layer of Y-370 damping
tape and a layer of light fiberglass insulation. The insulation
has a density of 0.817 lb/ft 3 . The insulation was loosely placed
over the Y-370 tape.
A cross plot of the effect of pressure differential on the
noise reduction characteristics of this panel is given in Figure 7.1.
This figure shows that for the flat panel, the noise reduction values
increase from 22 dB at 0 psi to 30.3 dB at 3 psi pressure differential.
Most of the increase occurs in the first 1 psi where the noise
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reduction value is 27.5 dB. The high frequency noise reduction
characteristics fall from 48.5 dB at 0 psi to 46 dB at 3 psi pressure
differential along a straight line.
Figure 7.2 shows the effect of pressure differential on the
resonance frequency. The resonance frequency rises from 150.4 Hz
at 0 psi to approximately 180 Hz at 1 psi pressure differential.
From this point, the curve levels out to a final value of 190 Hz at
3 psi. The effect of increasing pressure differential is to increase
the resonance frequent, aAd low frequency noise reduction while
decreasing the high frequency characteristics.
7.2.2 Y-370 and Heavy Insulation
The flat panel was tested for its noise reduction characteristics
with 100% of its exposed area covered by a layer of Y-370 damping tape
and a layer of heavy fiberglass insulation. The insulation has a
density of 7.345 lb/ft3 and was loosely placed over the Y-370 tape.
Results of these tests for the flat panel are given in Appendix
A (Figures A.89 through A.96). A cross plot of these results is given
in Figure 7.3. This figure shows that the noise reduction rises
from 22 dB at 0 psi to 30 dB at 3 psi pressure differential. A big
increase is seen in the first 1 psi where the value is 27.7 dB.
The high frequency noise reduction characteristics are level throughout
the entire pressure differentials tested. This value is about 51.5 dB.
Figure 7.4 shows the effect of increasing pressure differential
on the resonance frequency. In this graph, the resonance frequency
starts at 150 Hz and swiftly increases to 180 Rz at 1 psi. The
resonance frequency levels out at 190 Hz at 3 psi pressure differential.
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Fiberglass insulation loosely placed on the panel does not alter
the low frequency noise reduction characteristics. A very slight
decrease in resonance frequency is noticed which is within the j
experimental error. However, it becomes effective at high frequencies.
Of the two fiberglass samples tested, the low density insulation
increases the noise reduction with 7 dB at 3000 Hz. Additional
increase in density does not increase the noise reduction in the
same proportion.
7.3 CURVED PANEL RESULTS
7.3.1 Y-370 and Light Insulation
Results of these tests are shown in Appendix B (Figures B.81
through Figure B.88). A cross plot of the results is given in
Figure 7.5. This cross plot shows the familiar increase in noise
reduction in the low frequency region, from 29 dB at 0 psi to 37
dB at 3 psi pressure differential. High frequency values remain
constant at 43.5 dB.
The resonance frequency increases from 190 Hz to a value of
240 Hz at 1 psi very rapidly, as shown in Figure 7.2. The resonance
frequency has a final value of 265 Hz at 3 psi pressure differential.
7.3.2 Y-370 and Heavy Insulation
Results of the tests for this treatment are given in Appendix B
(Figures B.89 through B.96). A cross plot of the results is given
in Figure 7.6. This graph shows that the effect of increasing the
pressure differential is to increase the low frequency noise reduction
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values from 29 dB at 0 psi to 36.5 dB at 3 psi along a modest slope.
t^	 For a high frequency the noise reduction stays alwat constant,
(}
L	 ranging from 48.5 d8 to 47 d8 between 0 and 3 psi pressure differ-
{	 ential.
The resonance frequency increases from 202 Hs to 240 Hz very
Irapidly between 0 and 1 psi pressure differential, as shown in
Figure 7.4. The increase is not so severe after this when it rises
to 265 Hz at 3 psi pressure differential. The effect of the pressure
L
differential is to raise the resonance frequency and low frequency
noise reduction characteristics, and to reduce the high frequency
noise reduction values. Once again, as in the case of the flat
panel, the fiberglass insulation, when placed loosely on the panel,
1.	 has no effect at all on the noise reduction at low frequencies.
ff	 High frequency noise reduction increases from 38 dB to 43.5 dB
I
with a light insulation and 48 . 5 dB with a heavy insulation. The
resonance frequency decreases with a light insulation but increases
with a heavy insulation. The reason for this is not understood at
present.
I
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CHAPTER 8
DISCUSSION. CONCLUSIONS, AND RECOlATIONS
After the testing it was discovered that all the wits with
tha Oat, stiffened panel, conducted at zero pressure differential,
had an unusual drop in noise reduction directly above the fundamental
panel resonance frequency. This drop in the noise reduction curve
around 155 Hz does not appear at higher pressure differentials or
In all the earlier tests with different types of panels (Reference 2).
A similar dip is also present in some of the curved panel tests, but
no consistent relationship between these tests can be detected.
The absence of this particular drop at higher pressure differentials
does not necessarily mean that It does not exist at higher pressuri-
zations. It can be hidden within the stiffening effect of the
depressurization. Despite an extensive checking of the equipment,
it was not possible to pinpoint the cause of this phenomenon.
Several possible reasons can be proposed, but a unique relationship
between them and this phenomenon cannot be demonstrated. A non-
uniform excitation of the panel caused by malfunctioning of 3 of the
9 loudspeakers has sometimes resulted in a similar result. In
another case a leak in the cavity between the speaker wall and the
test panel has cawed an additioi..al drop in noise reduction above
the fundamental resonance frequency. However, in later tests this
additional resonance disappeared and could not be repeated.
Add.:-,anal tests with different, - •ariables such as speaker output,
sealing, etc., did not result in a repeat of the phenomenon.
These tests did show that the trends in the noise reduction character-
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istics observed in all the flat panel tests did not change with	 j
the disappearance of the additional drop in noise reduction.
Figure 8.1 shows a comparison between the original test data
and the data of a recent test for the same panel. Noise reduction
values in the stiffness-controlled region are almost equal for
both tests up to the fundamental resonance frequency. In the
mass-controlled region the difference in the least-square-average
lines for both tests is minimal. Despite an unexplainable drop
in noise reduction around 155 8z in all the flat panel tests
conducted at zero pressure differential and in some of the curved
panel tests, the trends observed and the conclusions based on them
are still valid. In general, the tests could be repeated within
1-2 dB accuracy, with the largest difference in the values of the
higher panel resonance frequencies.
In this report, experimental noise reduction characteristics
of flat and curved general aviation type structures are presented.
The effects of pressure differentials, damping tape, and noise
sources are described. Based on the experimental investigations,
it is concluded that the noise source has negligible effect on the
noise attenuation characteristics of the specimens under all con-
ditions tested. This is considered to be so, due to the normal
incidence of the panel in the Beranek tube and the very high sweep
time of the sweep oscillator. The effect of curvature on a bare
panel is to stiffen the panel, thereby increasing low frequency
noise reduction. The maximum increase in noise reduction occurs
in the first 1 psi pressure differential in all cases. The gain
in noise reduction for the curved panel is smaller compared to
that of the flat panel, since it is inherently stiffer. In the
4
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high frequency region the noise reduction decreases by 1-3 dB
due to pressurization. This result is consistent with published
t
	
f	
theoretical results (Reference 4).
Even at room temperature, the effect of damping tapes on the
overall noise reduction is negligible away from the resonance
frequency. When the mass of the damping tapes constitutes a large
percentage of the mass of the specimen, as in the case of 100%
coverage, the effect is essentially to increase the noise reduction
in the high frequency region. The test results indicate that with
	
`	 greater application of Y-370 material, the fundamental resonance
frequency decreases. This is due to the fact that only mass is
added, not stiffness (Chapter 4). With Y-436 and Y-434 materials,
which have constraining layers, the resonance frequency shift is
negligible, indicating that the additional stiffness produced by
the constraining layer balances out the effect of added mass on
the resonance frequency (Chapters 5 and 6). The effect of per-
centage of coverage is to decrease low frequency noise reduction
and to increase noise reduction at high frequencies. Decreases
were very slight for all the pressure differentials tested.
Scatter of the noise reduction values at the fundamental
resonance frequency precludes any general conclusion about the
effect of percentage of coverage of the damping material. In
general, the resonance peaks and dips are reduced by the application
of damping material. The effect of fiberglass insulation materials
is to increase high frequency noise reduction. Fiberglass material
loosely placed over the test panel has no effect on low frequency
noise reduction (Chapter 7).
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The experimental investigations were carried out only at
normal incidence. It is recommended that the effect of angle of
incidence on the noise attenuation characteristics of these
specimens be investigated. More testing is also recommended to
find the composite loss factor of the test specimens. Studies are
also recommended to investigate why the additions of light and
heavy sound absorption materials produce opposing effects on the
resonance frequency of panels with damping material.
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APPENDIX A
EXPERIMENTAL NOISE REDUCTION DATA FOR
FLAT STIFFENED PANEL
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Figure A.12: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Differential with Y-370 Damping Tape
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under a Discrete Noise Sourcej
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Figure A.13: Noise Reduction Characteristics of a Flat Stiffened Panel
at 0 psi Pressure Differential with Y-310 Damping Tape
under White Noise
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Figure A.14: Noise Reduction Characteristics of a Flat. Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape
under White Noise
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Figure A.15t Noise Reduction Characteristics of a Flat *
 Stiffened Panel
at 2 psi Pressure Differential with Y-570 Damping Tape
under White Noise
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Figure A.16: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Diffetnetial with Y-370 Damping Tape
under White Noise
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Figure A.17: Noise Reduction Characteristics of a Flat, Stiffened Panf11
at 0 psi Pressure Differential with Y-370 Damping Tape
under a Discrete Noise Source
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Figure A.18: Noise Reduction Characteristics of a Flat. Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape
under a Discrete Noise Source
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Figure A.19: Boise Reduction Characterisitics of a Flats Stiffened Panel
at 2 psi Pressure Differential with Y-370 ramping Tap*
under a Discrete poise Source
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Figure A.20s Noise Reduction Characteristics of a Flat. Stiffened Panel
at 3 psi Pressure Differential with Y-370 Damping Tape
under a Discrete M iss Source
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Figure A.21: Noise Reduction Characteristics of a Flat. Stiffened 7.2nal
at 0 psi Pressure Differantial with Y-370 Dazping 'ape
under White Noise
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Figure A.22s Noise Reduction Charactsistics of a Flat, Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping ?ape
under Whits Noise
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Figure A.23s' Noise Reduction ' MAiacteristics 'of'a Flat, - Stiffened Panel
at 2 psi Pressure Differential with Y-370 Damping Tape
under White Noise
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Figure A.24s
.
 Noise Reduction Characteristics of a Flats Stiffened Panel
at 3 psi Pressure nifferential with Y-370 Damping Tape,
under White Noise
S,
5
I.-
U
W0
'on,
z
III
84
127
MWaM2
m
20
U30
W
M
W
NM
0
2
FLAT STIFF. AL . PANEL Tw.04W'	 ORIGINAL PAGE 18
own
 
^ - 0-11111	 OF k jR VAL"
Fad aria - L Ia 
IMR14101
1OaY OIAfIBRiAI - E Fw 	 ^. I	 I	 i; j
least-square-average {
t	 II I 	 r
t
2	 i	 ♦ S• T• 01d
	
2	 3	 4 S• f a 1	 2	 7
FREQUENCY '-'- Ma
(a) Narrow Band Analysis
FREQUENCY — He
Figure A.25s Noise Reduction Characteristics of a Fiat. Stiffened panel
at 0 psi Pressure Differential with Y-370 Damping Tape
under a Discrete Noise Source
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Figure A.26: Noise liaiuction CheraetsrAarAcs of.a Flat, Stiffened 4ane1
at 1 psi Pressure Differential with Y-370 Damping Tape.
under • a Discrete Noise Source
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Figure A.27s Noise Reduction Characteristics of a Flat, Stiffened
at 2 psi pressure Differential with Y-370 Damping Tape
under a Discrete Noise Source
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Figure A.28t Noise Reduction Characteristics of a Flat, Stiffened Pagel
at	 3 psi Pressure Differential with Y-370 Damping Taps
under a Discrete Noise Source
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Figure A.291 Noise Reduction Characteristics of a Flat, StiffeneA panel
at 0 psi Pressure Differential with Y-370 Damping Material
under White '.Noise
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Figure A.30: Noise Reduction Characteristics of a Flat, Stiffened Panel
at	 1 psi Pressure Differential. with Y-370 Damping Tape
under White Noise
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Figure A.31i Noise Reduction Characteristics of a Flat, 5tiffenod 'Panel
at 2 psi Pressure Differential with Y-370 Damping Tape
under White Noise
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Figure A.32: Noise Reduction Characteristics of a Flats Stiffened Pauel
at 3 psi Pressure Differential with Y-370 Damping Tape
under White Noise
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Figure A.33s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 0 psi Pressure Differential with Y-434 Damo ing Tape
under a Discrete Noise Source
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Figure A.35s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure niffersntial with Y-434 ^ampins *.ape
under a Discrete Noised Source
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Figure A.36s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Differential with Y-434 Damping Tape
under a Discrete Noise Source
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Figure A.37: Noise Reduction Characteristics of a Flat, Stiffened Panel
at • 0 psi Pressure Differential with Y-434 Damping Tape
under White Noise
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Figure A.38s Noise Reduction Characteristics of a Flat. Stiffened ?anal
at . 1 psi Pressure Differential with Y-434 Damping Tape
under White Noise
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Figure A0 9s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure Differential with Y -434 Damping Tape
under White Noise
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Figure A&40: Noise Reduction Characteristics of- a Flat, Stiffened Panel
at 3 psi Pressure Differential with Y-434 Damping Tape
under White Noise
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Figure A.41: Noise Reduction'Characteristics of • a Flat, Stiffened PaneL
at 0 psi Pressure Differential with Y-434 Damping Tape
under a Discrete Noise Source
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Figure A.42: Noise Reduction Characteristics of a Flat, Stiffened Panel
at	 1 psi Pressure Differential with Y-434 Damping Tape
under a Discrete Noise Source
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Figure A043: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure Differential with Y -434 Damping Tape
under a Discrete Noise Source
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Figure A,441 Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 osi Pressure Differential with Y-434 ramping Tape
under a Discrete Noise Source
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Figure A.45: Noise P.eduction Characteristics of a -let, Stiffened "anal
of 0 psi Pressure Differential with Y-434 Damping Tape
under White Noise
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Figure A * 46: Noise Reduction Characteristics of a Flat, Stiffened Panel
at I psi Pressure Differential with Y-434 Damping Tape
under White Noise
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Figure A-47s Noise Reduction Characteristics of a Flat. Stiffened Panel
at 2 psi Pressure Differential with .1-434 Damping Tape
under White Noise
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figure A.49: Noise Reduction Characteristics of a Flat. Stiffened Panel
at 0 psi Pressure Differential with Y-434 Damping Tapc
under a Discrete Noise Source
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Figure A.501 Noise Reduction Characteristics of a ?1stq Stiffened Panel
at 1 psi Pressure Differential with Y-434 Damping Tape
under a Discrete Noise Source
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Figure A.51: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure Differential with T-434 Damping Tape
under a Discrete Noise Source
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"igure A.522 Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Differential with Y-434 Damping 'Pape
under a Discrete Noise Source
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Figure A.53t Noise Reduction Characteristics of a Flat, Stiffened Panel
at 0 psi Pressure Differential with Y-434 ^amping Tape.
under White Noise
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Figure A.54% Noise Reduction Characteristics of a Flat, Stiffened ^anel
at 1 psi Pressure nifferential with Y-434 Damping Taco
under White Noise
I
F
ttt
l 	 i
`i
157
mz0M
t'U
Q
W
Q
W
NM
0
z
I ^^FLAT STIFF. Al. PANEL T-.040" 	 ORIGINAL PAGEIS
wINGj MIAL - r 
434	 OF POOR Q	 8
14- 1 
y1^
PANEL VEIONT - L934 k9 	 1
NOISE S01IU - VNITE NOISE	 f
PRESM OIFFENENTIAL - 2 pot
least-square-average^'^
1	 t^tA^j r.t
^ M	 ,	 t	 Jt	 r^	 . ^'y
z
	
; 1 f
	
it
o	 A 	 t	 I t^ l	 1
w	 /1	 ^,	 tr	 !1	 'r t	 1 fti
ry	 ^	 a	 I	 t
Ir t
W	 it•I	 I^ I
0a	 ^{	 (	 1'	 4J	 }	 ^'z 
1	 ^
I
	
U	 t^
J
	
E 2 	3	 ♦ 5 6 7 8 9 I^	 2	 3	 4 3 tI 7 i 2	 2	 3	 ♦ Slow
FREQUENCY ^- Hz
(a) Narrow Band Analysis
FREQUENCY ^'- Hs
Figure A.55t Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure Differential with Y -434 Damping Tape
under White Noise
158
Mi
91
m
a,
a
v
^310
W
E
W
N
Z is 1
I/ 1
/2
m
z
0M
I--
U
0
Wit
W
N
O
z
i
FLAT STIFF. AL
. PANEL T-.OaO" 	 ORIGINAL PAGE IS
I COMu^IAL - r-'3'	 OF POOR QUALITYIN
PANEL WEIGHT - L 934 k!	 i 1'
NOISE SMM - WHI TE NOISE	 I ;
P/ESSI/IE OIFFENENiIAL - 3 pd
r
least-square-average
r
.nly-
i	 T	 ^
;I
1I
t
3	 1 S/ 1 8 9 IM	 2	 3	 S 6 r i i :MO	 2	 3	 5
FREQUENCY
(a) Narrow Band Analysis
FREQUENCY --- M:
Figure A.56: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Differential with Y-434 Damping Tape
under White Noise
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Figure A.57 Noise Reduction Characteristics of a Flat, Stiffened -unel
at 0 psi Pressure Differential with Y-636 Damping Tape
under a Discrete Noise Source
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Figure A.58 : Noise Reduction Characteristics of a Flat, Stiffened Panel
at 1 psi Pressure Differential with Y-436 Damping
 Tape
under a Discrete Noise Source
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Figure A.591 Noise Reduction Characteristics of a Flat, Stiffened Passel
at 2 psi Pressure Differential with Y-436 Damping Tape
under a Discrete Noise Source
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Figure A.60s Noise Reduction Characteristics of a riat, Stiffened ?anal
at 3 psi Pressure Differential with Y-436 Damping Tape
under a Discrete Noise Source
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Figure A.61: Noise Reducion Characteristics of a Flat, Stiffened Panel
at 0 psi Pressure Differential with Y-436*Damping Tape
under White Noise
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at	 1 psi Pressure Differential with Y -436 Damping Tape
under White Noise
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Figure A.63s Noise Reduction Characteristics of a Flat, 3tif fwned oRnosl
at 2 psi Pressure Differential With Y-436 Damping Tape
under White Noise
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Figure A.66: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 1 psi Pressure Differential with Y-436 Damping Tape
under a Discrete Noise Source
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Figure A.68: Noise Reduction Characteristics of a Flat $ Stiffened Oanel
at 3 psi Pressure Differential with Y-436 Damping Tape.
under a Discrete No-se Source
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Figure A.64s Noise Reduction Characteristics of a Flat, Stiffened ?anal
at . 0 psi Pressure Differential with Y -436 Damping Tapp
under White Noise
172
S 6 T 9 9 1 1	 2	 3	 .	 5	 i
FREC:: E uCY -- -z
(a) Narrow Band Analysis
m
z0M
V
W
m
W
N
O
z
Figu
FLAT STIFF. AL . PANEL T-.040"
GAWING MA TERIAL - r-ADE
M I COVERAGE
PANEL WEIGH' - & 945 wj
NOISE SOUKS - WHITE NOISE
PRESM OIFvMtIAL - I pat
I .#
ORIGINAL PAGE IS
	 i
OF POOR QUALITY
lJ	
t•• T`^`fJ'^=^:ftii
	
f'	 '+	 III
W
I
least-square-average —
I+
2
i
z0
I—U
Wix
W
O
z
01
z So
U
O
W
Z
it,
FLAT STIFF. AL . PANEL T	 ORIGINAL PAGE IS
GAMPING MATERIAL - Y-4Z	 OF POOR QUALITY
a I COVERAGE
PANEL VEIGHT - L945 kj
NOISE SOURCE - INUE NOISE
PRESUM DIFFERENTIAL 2 pot
q1 
4
r
least-square-average
S. 6-7 i P	 2
FRECUENCY	 Hz
(a) Narrow Band Analysis
lam
FREQUENCY — Hz
Figure A.71: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure Differential with Y-436 Damping Tape
under White Noise
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Figure A.72:* Noise Reduction'Characteristics'ofa Flat, Stiffened Pan(Il
at 3 psi Pressure Differential with Y-436 Damping Tape
under White Noise
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Figure A.13I Noise Reduction Characteriat .ica.of . a..?lat 6 . Stiffened "anel
at 0 psi Pressure Differential with Y-436 Damping Tape
under a Discrete Noise Source
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Linder a Discrete Noise Source
177
w.
Z0
U
a ^,
W
O:
W
N
Z 211.
1/•
0
a
s1
m
11
Z
O
U
7 31O
W
Of
W
IA
On
Z
CR;,.'N 1 PAS, - IS
FIAT STIFF. Al. PANEL T-.040 	 nF POOR QUAITY Ij
GAMING NATENIAI - I-431	 I
IM I COMAM	 1
PANEL VEIG1T - I.122 ly
NOISE SOUIICE - SW OSCILLATOR
PRESSIX DIFFERENTIAL - 2 pat	 11II
	 1 .
CIL
least-squarz: •
 average—►
^f
;I
3	 s e T 1 0 100	 ;2	
3	 .	 S e 7 e a . 	3 	 •	 t,
FREQUENCY
(a) Narrow Band Analysis
	 ^.
I
r—^
I
f
	
t1
	 1
(b) 1/3 Octave Analysis
I
1
	
2	 3 4S/ T II II	2	 7 • 5 1 7 6 91
	 2	 3 t S	 .a
FREQUENCY	 Ms
Figure A.75t Noise Reduction Characteristics of a Flat, Stiffened Psael
at 2 psi Pressure Differential with Y -436 DampinEt Taos	 j
under a Discrete Noise Source
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Figure A.16s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Prearire Differential with Y -436 Damo inrg Tape
under a Discrete Noise Source
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Figure A.77s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 0 psi Pressure Differential with Y-436 ramping Tape
under White Noise
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Figure A.78: Noise Reduction Characteristics of a Flat, Stiffened Pantil
at I psi :ressuaa Differential with 'Y-436 Damping TApe
under White Noise
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Figure A.80: Noises Reduction Characteristics of a Plat, Stiffened Panel
at 3 Psi Pressure Differential with Y-436 tamping Tape
under White Nosie
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Figure A,81: NoineReduction Characteristics of a Flat, Stiffened Panel
at 0 pal Pressure Differential with.Yw370 Damping Tape and
0.817 lb/ft3 Insulation under a Discrete Noise Source
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Figure A.82t Noise Reduction Characteristics of a Flat 1 Stiffened Panel
at 1 psi Pressure. Differential. Sdth.:-370 Duping Tape and
0.817 lb/ft3 Insulation under a Discrete Noise Source
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Figure A.83: Noise Reduction Characteristics of a Flat, Stiffened Panel.
at 2 psi Pressure Differential with .Y-3Ib'Damping Tape and
0.817 lb/ft3 Insulation under a Discrete Noise Source
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Figure A.84s Noise Reduction Characteristics of a Flat $ Stiffaned Panel
at 3 pet Pressure nifferential with Y-370 Damoine Taos and
0.817 lb/ft3 insulation under a Discrete Noise Source
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Figure A.85: Noise Reduction Characteristics of a Flat, Stiffened Panel
at 0 psi Pressure Differential with Y -370 Damping Tap4 and
0.817 1b /ft3 Insulation under White Miss
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Figure A.86t Noise Reduction Characteristics of a Flat, Stiffened Panel
{	
at 1 psi Pressure Differential. with.1-3M ramping Tape and
0.817 lb /ft3 Insulation under White Noise
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Figure A.87s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 2 psi Pressure Differential with Y-370 Damping Tape and
0.817 lb/ft3 Insulation under White Noise
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Figure A.881 Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Dif fermtial with Y-370 Damping Taper and
0.817 lb / ft3 Insulation under White Noise
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Figure A.89s Noise Reduction Characteristics of a Flats Stiffened Panel
at 0 psi Pressure Differential with T-370 Daapin g
 Tapa and
7.345 lb/ft3 insulation under a Discrete 4oise Source
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Figure A.90s Noise Reduction Characteristics of a Flat.  52iffened Par.1el
at 1 psi Pressure Differential with Y-370 DW inj Tape!
 and
7.345 lb/ft3 insulation under a Discrete Noise Source
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Figure A.91t poise Reduction Characteristics of a Flat. Stiffened Panel
at 2 psi Pressure Differential with Y -370 Damping Tap#%
 and
7.345 lb/ft3 Insulation under a Discrete Noise Source
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Figure A.92s Noise Reduction Characteristics of a Flat, Stiffened Panel
at 3 psi Pressure Differential with Y-370 Damping Tape'-and
7.345 lb/ft3 Insulation under a Discrete Noise Source
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Figure A.93t Noise Reduction Characteristics of a Flat, Stiffened Panel
at 0 psi Pressure Differential with Y
-370 Dampinst Tape and
7.345 lb/ ft3 Insulation under White Noise
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Figure A.94t Noise Redaction Characteristics of a Flat, Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape. and
7.345 lb1ft3 Insulation under White Noise
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Figure A,95s Noise Reduction Characteristics of a Flat, Stiffened Panel ^i
aL 2 psi Pressure Differential with Y •370 Damping Up* and
7.345 lb/ft3 Insulation under White Noise	
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Figure A.96t Noise Reduction Characteristics of a Flat, Stiffened Panel
at	 3 psis Pressure Differential with T-370 Damping Tape and
7.345 lb/ ft3 Insulation under White Noise
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APPENDIX B
EXPERIMENTAL NOISE REDUCTION DATA FOR
CURVED STIFFENED PANEL
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Figure B . 2: Noise Reduction Characteristics of a Curved, Bare Panel
at 1 psi pressure differential under discrete noise
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Figure B.3: Noise Reduction Characteristics of a Bare, Curved Panel
at 2 psi pressure differential under discrete noise
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Figure 8 .4: Noise Reduction Characteristics of a Cury-d, Bare Panel
at 2.5 psi pressure differential under Discrete noise
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Figure 8.5: Noise Reduction Characteristics of a Carved, Bare Panel
at 0 psi pressure differential under white noise
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Figure B.6t Noise Reduction Characteristics of a Curvod, Bare Panel
at 1 psi Pressure Differential under White Noise
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Figure 8.7: Noise Reduction Characteristics of a Curved, Stiffened Panel
tial with no treatment underat	 2 psi Pressure Differential
White NOise
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Figure B . 9: Noise Reduction Characteristics of a Curved, Stiffened panel
at 0 psi Pressure Diffarentiai with Y-370 Damping Tape under
a Discrete Noise Source
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Figure B.10: Noise Reduction Characteristics of a Curved, Stiffenei Panel
	
i
at	 1 psi Pressure Differential with Y-310 Damping Tape under
a Discrete Noise
 Source
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Figure 8.11: Noise Reduction Characteristics of a Curved, Stiffened
Panel at 2 psi Pressure Differential with Y-370 Damping
Tape under a Discrete Noise Source.
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Figure B.12s Noise Reduction Characteristics of a Curved, Stiffenei Panel
at 3 psi Pressure Differential with Y-370 Damping Tape under
a Discrete Noise Source
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Figure B.13s Noise Reduction Characteristics of a Curved, Stiffened Panel
at 0 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure B . 14: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure B.15: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure B.16: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure 8
.
11: Noise Reduction Characteristics of a Curved, Stiffene$ panel
at 0 psi Pressure Differential with Y-370 Damping Tape under
a Discrete Noise Source
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Figure 8.18: Noise Reduction Characterista a of a Curved, Stiffenett Panel
at 1 psi Pressure Differential withY-370 Damping Tape under
a Discrete Noise Source
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Figure B . 19: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-370 Damping Tape under
a Discrete Noise Source
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Figure B .20: Noise Reduction Characteristics of a Curved, Stiffened panel
at 3 psi Pressure Differential with Y-310 Damping Tape under
a Discrete Noise Source
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Figure B.21: Noise Reduction Characteristics of a Curved, Sciffened Panel
at 0 psi Pressure Differential with Y-370 Damping ?ape under
White 'Hoise	
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Figure B.22: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at I psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure B.23: Noise Reduction Characteristics of a Curved, Stiffened Panel
at . 2 psi Pressure Differential with Y
-370 Damping Tape under
White Noise
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Figure B . 24: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at 3 psi Pressure Differential with Y
-370 Damping Tape under
White Noise
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Figure B.25: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at 0 psi Pressure Differential with Y-370 Damping Tape
under a Discrete Noise Source
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Figure B.261 Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 I psi Pressure Differential with Y-370 Damping Tape under
a Discrete Noise Source
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Figure B.27: Noise Reduction Characteristics of a Curved. Stiffened Panel
at 2 psi Pressure Differential with Y-370 Damping Tape under
a Discrete Noise Source
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Figure B.28: Noise Reduction Characteristics of a Curved, Stiffene .l Panel
at 3 psi Pressure Differential with Y -370 Damping T.ipe under
a Discrete Noise Source
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Figure B . 29: Noise Reduction Characteristics of a Curved, Stiffened Panel
At 0 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure B . 30: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Figure B . 31: Noise Reduction Characteristics of a Curved. Stiffened Panel
at - 2 psi Pressure Differential with Y -370 Damping Tape under
White Noise
231
P f ^}
V
199
	 I=
m
z
0
U
0
W
M
W
N
w
O
z
m mil
1 ^,
0
U
o a'
Wa
W
N
Z
CURVED STIFF. AL . PANEL T-.040"
OWING MATERIAL - Y-VI
IN : COVERAGE
PANEL VE IGNT - I. 30 ly
NOISE SWO - VN I TE NOISE
MESS M DIFFERENTIAL - 9 psi
ORIGINAL PAGE tS
df P®OR QU kLITY
i^ I.
I	 ^	 I^)	 1
}	 ^.^^' 	li is	 ^I	 +:	 }
1	 1
q
least-square-average
, 2	 7	 ♦ S 0 7 E 
9100
	
Z	 I	 / S 6 Y 
E Y1Om
	 3	 ♦ S
FREQUENCY	 Ms
(a) Narrow Band Analysis
FREQUENCY	 No
Figure B . 32: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differnetial with Y-370 Damping Tope under
White Noise
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Figure B.33: Noise Reduction Characteristics of a CurveA, Stiffened Panel
at 0 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure 8.34: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at	 1 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure B,35: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at 2 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure B-36: Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 3 psi Pressure Difirrential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure B.37: Noise Reduction Characteristics of a Curved. Stiffened Panel
at 0 psi Pressure Differential w-;--h Y-434 Damping Tape under
White Noise
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Figure B.38c Noise Reduction Characteristics of a Curved, Stiffene3 Panel
	 i
at	 1 psi Pressure Differential with Y-434 Damping Tape under
White Noise
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Figure 8.39: Noise Reduction Characteristics of a Curved, Stiffenel Panel
at	 2 psi Pressure Differential with Y-+3+ Damping Tape under
White Noise
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Figure B . 40: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differential with Y-434 Damping Tape under
White Noise
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Figure B .41: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at	 0 psi Pressure Differential with Y-434 Damping Tape uraer
a Discrete Noise Source
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Fi&Lre B.42: Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 1 psi Pressure Differential with Y-434 Damping ?ape under
a Discrete Noise Source
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Figure B .43: Noise Reduction Characteristics of a Curved, Stiffenel Panel
at	 2 psi Pressure Differential with 1-434 Damping Tape under
a Discrete Noise Source
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Figure 8. 44: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at	 3 psi Pressure Differential with Y-434 Damping r.3pe under
a Discrete Noise Source
244
3 2	 3	 • s e t a 9 1^	 2	 3	 • s 6 7 e 
slcM
FREQUENCY — Hz
(a) Narrow Band Analysis
01
so
m
T
2	 3	 •	 S
Y
z0
U
WE	 ^--,
z
(b) 1/3 Octave Analysis
2	 3	 • s 6 7 E ^3C0
	
:	 7	 • s 6 7 •ilk	 2	 3	 • 3
FREQUENCY	 H:
Figure B . 45: Noise Reduction Characteristics of a Curved, Stiffene3 Panel
at	 0 psi Pressure Differential with Y-4 34 Damping Tape and
White Noise
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Figure H .46: Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 l psi Pressure Differential with Y-43+ Damping Tape under
White Noise
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Figure B,47: Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 2 Psi Pressure Differential with Y-434 Damping Tape under
White Noise
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Figure 4,48: Noise Reduction Characteristics of a Curved, Stiff nei Panel
at a 3 psi Pressure Differential with Y-4 34 Damping Tape under
White Noise
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Figure 8.49 : Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 0 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure B.50: Noise Reduction Characteristics of a Curved, Stiffene3 Panel
at	 1 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure 8.51: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure B.52: Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 3 psi Pressure Differential with Y-434 Damping Tape under
a Discrete Noise Source
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Figure 8.53: Noise Reduction Characteristics of a Curved, atiffenel Panel
at	 0 psi Pressure Differential with Y-4 34 Damping Tape under
White Noise
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Figure B . 54: Noise Reduction Characteristics of a Curved, S tiffened panel
at	 1 psi Pressure Differential with Y-434 Damping Tape under
White Noise
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Figure B.55: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at 2 psi Pressure Differential with Y -434 Damping Tape under
White Noise
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Figure B.56: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differential with Y-434 Damping Tape under
White Noise
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FigureB . 51: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 0 psi Pressure Differential with Y -436 Damping Tape under
a discrete noise source
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FigureB
.
58: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 1 psi Pressure Differential with Y-436 Damping Tape under
a discrete noise source
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Figure g.59: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y
-436 Damping Tape under
a discrete noise source
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Figure 8.60: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2.5 psi Pressure Differential with Y -436 Damping Tape under
a Discrete Noise Source
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Figure B.61: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 0 psi Pressure Differential with Y -436 Damping Tape under
White Noise
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Figure B.62: Noise Reduction Characteristics of a Curved, Stiffened Panel
at	 1 psi Pressure Differentia: with Y -436 Da.-.ping Tape under
White Noise
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Figure B.63: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-436 Damping ?ape under
White Noise
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Figure 8.64; Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2.5 psi Pressure Differential with Y"-%6 Damping :ape under
White Noise
264
O
U
0
W
E
Wa
0
z
ORIGINAL PAGE iS
OF POOR QUALITY
CURVED STIFF. AL . PANEL T-.040"
GWINI MTRIAL - r-13f
aZCvem
"M IKIWT - L218 kq
MIE 5011 M - OW =ILLATOR
NOW DIFFOUTIAL - I Fa
X11	 ^A{`
FFFFFF^'	 '
t	 i	 !i
least-square-average
FREQUENCY
	 Ms
(a) Narrow Band Analysis
m^
m
1 ..
OM
O	 —f	 ( :_i
W
W
NM
On
z
Figure B.65: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 0 psi Pressure Differential with Y-436 Damping Tape under
a Discrete Noise Source
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a Discrete Noise Source
267
ORIGINAL PAGE 18
	
^	 CWtYEO STIFF. Al. PANEL T-.040" OF POOR QUALITY
OWING MATERIAL - r-43e
ar I Comm	 j
PAN& WEIGHT - 1.210 kS	 t
NOISE SOURCE - SVEEP OKILLAMR
PRESM DIFFERENTIAL - 3 Pat
St
least-square-average
m  	 ^ 	 rt
W	
t	 I	 !	 !	 t
	
2 a	 l	 i.
i
	
i•	 ^-^
	
e2	 2	 • S e T e e lm	 2	 3	 • S 0 7 e 91000	 2	 3	 • i
	
FREQUENCY — Hat	 1T
(a) Narrow Band Analysis
	
s	 _
i^
9
;.i
m	
1 _t
—ice_..	
q
	
1 N	 ^--r	 3 I
Z
U
W
	
os	 J
Z
i
is
(b) 1/3 Octave Analysis
	
e 2	 2	 • S e 7 e e lm	 2	 3	 • s e 9 e 011	 2	 3	 • S
FREQUENCY --' H:
..a
Figure B.68: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressu-e Differential with Y
-436 Damping Tape under
a Discrete Noise Source
	 -
268
VRIGM, ,I. PACS JS
OF POOR QUALITY
i
4
1
1
m
z0
U
n
W
M
W
N
O
z
1.
i
i
T
t
t
6
t
I
I
s
i
q
CURVED STIFF. AL . PANEL To.040"
OW114 MTV" - V-49
►wd VOW - LbR y
NUK 11=1 - rltn Iota
nl[^us ataoartN. - ^ ^
s
least-square-average
Zy
O
1-
W
W
go
o
n
a s •
	
	 2	 7	 • S
FREQUENCY — Hz
(a) Narrow Band Analysis
r
	
FREQUENCY — Hs
6
t
Figure B.69: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 0 psi Pressure Differential with Y -436 Damping Tape under
White Noise
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Figure B.70t Noise Reduction Characteristics of a Curved, Stiffened Panel
at 1 psi Pressure Differential with Y-436 ramping Tepe under
White Noise
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Figure B.11: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-436 Damping Tape under
White Noise
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Figure 3.72: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differential with Y-436 Damping Tape under
White Noise
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Figure B - 73: Noise Reduction Characteristics of a Curved, Stiffened Pancl
at	 0 psi ?ressure Differential with T-436 Damping Tape under
a Discrete Noise Source
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Figure B.74: Noise Reduction Characteristics of a Curved $ Stiffened Panel
at	 1 psi Pressure Differential with Y-436 Damping Tape under
a Discrete Noise Source
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Figure B.75: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-436 Dawping Tape under
a Discrete Noise Source
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Figure B . 76: Noise Reduction Characteristics of a Curved, ')tiffenai Parel
at	 3 psi Pressure Differential with Y-436 Damping Tape under
a Discrete Noise Source
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Figure 5 . 77: Noise Reduction Characteristics of a Curved. Stiffened Panel
at C psi Pressure Differential with Y-436 Damping Tape under
White Noise
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at 1 psi Pressure Differential with Y-436 Damping Tape Mader
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Figure 8.79: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 2 psi Pressure Differential with Y-436 Damping Tepe under
L 
y	 White Noise
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Figure B.80: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differential with Y -436 Damping Tape under
White Noise
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Figure B.81: Noise Reduction Characeristics of a Curved, Stiffene-i Panel
at 0 psi Pressure Differential with Y-370 Damping Tape and
0.817 lb/ft3 insulation under a Discrete Noise Source
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Figure 8.82: Noise Reduction Characteristics of a Curved. Stiffened Pasel^
at I psi Pressure Differential with Y -370 Damping Tape and
0.817 Ib/ft3 Insulation under a Discrete Noise Source
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figure 8.83: Noise Seduction Characteristics of a Curved, Stiffenei Panel
at : 2 poi Pressure Differential with Y-370 Damping T-;pe and
0.817 lb / ft3 Insulation under a Discrete Noise Source
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Figure B.84s Noise Reduction Characteristics of a Curved, Stiffened Panel
at 3 psi Pressure Differential with Y -370 Damping Tape and
0.817 lb/ft3 Insulation under a Discrete Noise Source
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Figure H.85i Noise Reduction Characteristics of a Curved $
 Stiffened Panel
at 0 psi Pressure Differential with Y-370 Damping Tape and
0.817 lb/ft3 Insulation under White Noise
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Figure s.86T Noise Reduction Characteristics of a Curved, Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape and
0.817 lb/ft3 Insulation under White Noise
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Figure 3.871 !poise Reduction Characteristics of a Curved. Stiffened panel
at 2 psi pressure Differential with Y-370 Daring Tape and
0.817 lb/ft3 Insulation under Whits Noise
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Figure B.88: Noise Reduction Characteristics of a Curved, Stiffened panel
at 3 psi Pressure Differential with Y-370 Damping Tape and
0.817 lb/ft3 Insulation under White Noise
288
a
77-
ORIMAL PAGE M
OF POOR QUAUrfCURVID Stiff. AL. F#MtL TO.OW1
OWN -folk - Y-M Um
as 7.14 Wk" 11MAXI&I
in I coo"
"AL WON - I-In he
Rom Wm - "r Okumm
!pKWA OPMO Ix - I Im
least•square•average	
I fill
,
1%V ;ij
Z	 ^t	
^j
I	
#L	 -	 .-	 -
2	 3
PPROUENCY	 M*
(a) Narrow Band Analysis
l .
C:
I	 PREQUENCY + me
1	 4 5
Figure 5.891 Noise Reduction Characteristics of a Curved, Stiffen" Panel
at 0 pot Pressure Differential with T-370 Damping Tape and
7#345 IWO Insulation under a Discrete Noise Source
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Figure 8.911 110146 Weetion Characteristics of a Nrved, Stiffen ad panel
at 2 psi pressure Differential with T-370 Damping Taps and
7.345 lb/ft3 Insulation under a Discrete Noise Source
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Figure B.92: Noise Reduction Characteristics of a Curvod,Stiffened panel
at 3 psi Pressure Differential with Y-370 Damping T :ipe and
7.345 lb/ft3 Insulation under a Discrete Noise source
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Figure B.93: Noise Reduction Characteristics of a Curved, Stiffened Panel
at 0 psi Peessure Differential with Y-370 Damping Tape and
7.345 lb/ft3 Insulation under White Noise
293
is
ll
1	 It 
--least-square-average
D:
W
I
M
M
2
cum" STIFF. AL
. F"L t-.010"
VJ MD MIDIAL - T-»S TAIL
me 1. 14 Wk" INNI.eT[DM
IN I COM"m
ma IEIWT - I.97! ^!
mm 891Ia - MITE Mm
I	 V DIFFERENTIAL - I pt
i
ORIGINAL PAW IS
OF POOR QUALM,
Til
•	
^.I	
:	 a	 4	 s 9 7 9 9I	 2	 R
FREQUENCY "- Mz
(a) Narrow Rand Analysis
FREQUENCY •-•- Ma
Figure B . 941 Noise Reduction Characteristics of a Curved, Stiffened Panel
at 1 psi Pressure Differential with Y-370 Damping Tape and
7.345 lblft3 Insulation under White Noise
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Figure 8. 951 Noise Reduction Characteristics of a Curved, Stiffened panel
at 2 psi Pressure Differential with Y-370 Damping Tape and
7.345 lb/ ft3 Insulation under White Noise
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Figure B.96t Koise Reduction Characteristics of a curved, Stiffened Panel
at 3 psi Pressure Differential with Y-370 Damping Tape and
7.345 1b/ft3 Insulation under White Noise
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